ABSTRACT Lung function responses to inhaled cotton dust were evaluated in a group of 58 healthy subjects by spirometry (MEFV curves) and forced random noise impedance parameters. Twenty-one of these subjects were also examined by body plethysmography to assess changes in airway resistance (Raw) The purpose of the present study was to examine acute lung function responses to inhaled cotton dust in healthy subjects by the forced random noise tech-
a central airways effect. MEFV curve non-responders also exhibited a significantly lower baseline effective resistance profile than MEFV curve responders. The data indicate that under the conditions of the experiment measures of the Thevenin resistance (real part of impedence) by the forced random noise method are reliable indicators of cotton induced bronchoconstriction. Measurement variability, however, suggests that, at present, these are more appropriate for group studies and should remain adjuncts to standard tests of lung function such as spirometry.
Early attempts to examine total respiratory impedance were based on the application of forced sinusoidal pressure oscillations at the mouth over a limited range of frequencies.' A more recent method has used forced random noise oscillations which cause less discomfort and permit observations of impedance over an expanded frequency range. 2 This technique has been used to examine respiratory impedance parameters including total respiratory resistance (Thevenin or effective resistance) and its central and peripheral components.35 Studies in man have suggested that random noise parameters of respiratory impedance are reliable and sensitive measures of mechanical alterations resulting from pulmonary disease and induced bronchoconstriction.2 6 7 The purpose of the present study was to examine acute lung function responses to inhaled cotton dust in healthy subjects by the forced random noise tech-
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Accepted 27 October 1983 nique of Pimmel et al. 7 To assess the ability of these measurements to detect changes in pulmonary function, spirometry and plethysmography were also carried out.
Methods

STUDY POPULATION
Criteria used in the selection of study subjects have been described in detail elsewhere.8 In brief, informed consent was obtained from healthy adult volunteers from the Clemson, South Carolina, area. Participation did not require a current or previous history of exposure to cotton dust. Subjects were exposed for six hour periods on separate occasions to no dust and a controlled concentration of cotton dust (1 mg/M3 by vertical elutriator) if they had a baseline FEV1 of at least 80% of predicted. Sixty one subjects who showed at least a 5 % mean decrement in FEV1 during two exposures to cotton relative to their FEV1 changes during two clean room exposures were selected for further study. The 480 Cotton induced bronchoconstriction detected by a forced random noise oscillator current investigation includes 58 of these 61 individuals, three having withdrawn.
STUDY PROTOCOL
The subjects received one exposure to no dust and one exposure to cotton dust separated by an interval of 72 hours. Their acute lung function response was determined by spirometry and by a forced random noise oscillator. In addition, a subgroup of 21 subjects, preselected for their ability to perform adequate panting manoeuvres, underwent assessment of airway resistance (Raw) in a body plethysmograph. On test days, the subjects were examined sequentially by random noise oscillator, plethysmograph, and spirometry just before entering the exposure chamber and immediately after a six hour exposure. Smoking was not permitted during the exposure periods, and subjects were allowed to leave the room only for brief restroom breaks. All the tests on each individual were completed in less than 10 minutes and were performed by the same technicians who were not informed about the nature of the exposure.
EXPOSURE
Exposures took place in a room ventilated with exhaust air from a cardroom. For Table 2 shows the mean percentage changes in the spirometric indices over a six hour exposure to cotton dust relative to the same changes during the control exposure. All spirometric parameters exhibited significant declines in response to cotton dust exposure (p < 0-001). Decrements for FEF75, Table 2 Lung function response to control and cotton dust exposures (2) 93 (3) % Predicted FVC 102 (2) 101 ( showed a statistically significant increase in Rm. only at low frequencies, whereas group B showed statistically significant R,H changes that were independent of frequency. Pre-exposure R, also differed in the two groups. Group A (FEV1 responders) had baseline R1, R5-9, and R20-24 values that were significantly greater than those of group B (p < 0-005). 
Discussion
The application of forced random noise oscillations to the airway has been used to characterise respiratory mechanical impedance. This technique has been shown to provide reliable impedance data in adults and in children.2 47 Effective resistance by this method (real part of impedance) reflects the combined resistances of the airways, lung tissue, and chest wall. For the airways, resistance at low frequencies is determined by the state of the peripheral and central airways, whereas resistance at high frequencies includes mostly the central airways component.' Forced random noise impedance data in normal subjects have shown that the effective resistance of the respiratory system is relatively independent of frequency between 5 and 30 Hz.26 In some subjects with obstructive lung disease or in methacholine induced bronchoconstriction effective Sepulveda, Hankinson, Castellan, and Cocke resistance at low frequencies is greater than in normal subjects and decreases in a curvilinear fashion with increasing frequency-that is, effective resistance is markedly frequency dependent.27
The ratio of effective resistance at low to high frequencies, R 5-/RI 5-9 or R5-/R20-24-has been used to obtain indirect information about the partitioning of resistance in the airways. This ratio has been reported to differ in young asymptomatic smokers compared with non-smokers.6 Subjects for our study group were selected for their bronchial sensitivity to cotton dust. This distinguishes them from similarly aged, asymptomatic subjects studied by others,6' and may account for their higher baseline effective resistance and the absence of a smoking effect on the R 5_VR;0-24 ratio.
It is known that the inhalation of cotton dust can induce acute pulmonary function changes both in previously exposed people and in healthy subjects. '2-'4 Decrements in timed forced expiratory volumes and flows have repeatedly been shown and the partitioning of this increase in flow resistance has been examined by Bouhuys and co-workers. '5 16, Reductions in maximum flow rates without a conductance response or change in static recoil pressures have suggested an important role for small airways narrowing in byssinosis.
In the current study small but statistically significant reductions in spirometric indices were observed for the study group as a whole after exposure to cotton dust. In addition, the measurement of respiratory impedance also detected exposure related changes in lung function. Observed changes in FEF7 R1, R5-9 and the R5-7R20-24 ratio support the smail airways effect described in previous studies of cotton induced bronchoconstriction.
Changes in large airways may also occur after exposure to certain vegetable dusts. Increases in airway resistance (Raw) have been observed both with and without a decline in FEV1 and maximum flow rates after inhalation of cotton or hemp dusts.'617 In our study group Raw measurements showed no significant difference between the dust and control exposures. This could not be ascribed to differences in demographic profiles or cotton induced spirometry and oscillator responses of subjects with and without Raw measurements. The lack of a statistically significant Raw response may reflect measurement variability in an experiment where both sample size and induced changes in lung function were small.
The impedance data suggest that in some subjects cotton dust caused an increase in effective resistance which was most pronounced in the central airways.
For subjects with no FEVI response to dust ( Dust exposure in the present study occurred at a concentration (0-46 mg/M3) less than half that used to select participants. At the higher dose, all the study subjects showed decrements in forced expiratory volumes and flows which were qualitatively similar to those found in group A (FEV1 responders) in the current experiment. We did not measure total respiratory impedance during the selection process, but we suspect that at a higher dose of cotton dust group B subjects (FEV1 non-responders) would show a frequency dependent RH response similar to that observed in group A at the lower dose. Studies in hemp workers and in asthmatic patients suggest that this hypothesis is plausible. In a group of hemp workers '6 and in some asthmatic patients studied by Stanescu and Brasseur,'8 decrements in maximal expiratory flow rates without conductance responses were observed after hemp dust and histamine challenge. Among hemp workers with larger decrements in flow rate and after challenge with higher histamine doses in the asthmatic patients, both flow rates and conductance decreased. This suggests that with early or mild bronchoconstriction, some subjects may show a predominant effect on central airways (decreased conductance) and others a principal effect on peripheral airways (decreased flows at low lung volumes).
Baseline Thevenin resistance was observed to differ in our FEV1 responders compared with nonresponders (fig 3) . Subjects with the largest FEV1 decrements after dust exposure had higher preexposure RTH and frequency dependent baseline and dust induced increases in RTH. An association between baseline lung function and site of airways response has also been observed in hemp workers '6 and in some subjects with bronchial asthma. '9 20 The data in table 2 
